Abstract The objective of this study was to determine vitamin C stability in fresh and freeze-dried capsicum during storage at different temperatures. Fresh capsicum stored at 20°C showed an initial decrease in vitamin C with a minimum peak after 2 days and then increased to a maximum peak after 13 days followed by a gradual decay. In general a gradual decrease of vitamin C was observed in the cases of fresh (i.e. stored at 5, −20, −40°C) and freeze-dried capsicum stored at all temperatures (i.e. 60 to −40°C). The degradation kinetics of vitamin C was modeled by zero and first order reaction and rate constants were estimated. The rate constant increased with the increase in storage temperature, while it was decreased with the decrease of moisture content. At storage temperature 5°C, first order rate constants were observed as 7.1×10 −2 , 7.7×10 −2 , and 4.3×10 −3 day −1 in the cases of samples containing moisture contents 94, 15 and 5 g/100 g sample, respectively.
Introduction
The role of fruits and vegetables in reducing the risk of chronic diseases, like cardiovascular diseases and cancer, is well recognized. These health benefits are linked to the important components of vegetables and fruits, which include macronutrients, such as fibers and micronutrients particularly ascorbic acid (Leong and Oey 2012) . While many fruits and vegetables are consumed primarily in their fresh state, some produces are also consumed at their processed state. Many vitamins are lost during handling, processing and storage. The retaining ability of vitamins under chemical, physical and/or thermal stress is called stability. Vitamin C or ascorbic acid, a water soluble vitamin, is mainly present in fresh fruits and vegetables. It is the most sensitive and destructed when a commodity is exposed to adverse handling and storage conditions (Lee and Kader 2000) . Vitamin C stability in fruits and vegetables was studied during different methods of drying (Goula and Adamopoulos 2006; Marques et al. 2006 Marques et al. , 2007 Gupta et al. 2013; Kek et al. 2013) and during storage at chilled or around room temperature (Johnston and Hale 2005; Burdurlu et al. 2006; Torregrosa et al. 2006; Klimczak et al. 2007; Majumdar et al. 2009; Gonzalez-Molina et al. 2012) . The loss of vitamin C during storage was considerably lower in freeze dried powder as compared to vacuum, and tunnel dried guava powder (Verma et al. 1993 ). Leong and Oey (2012) determined the vitamin C stability in pepper (fresh pepper containing 10.8 mg vitamin C/g dry-solids) during heat-treatment (98°C for 10 min), freeze-drying (48 h), and frozen-thawed (freeze at −20°C, and thawed at 4°C for 2 h). They observed that vitamin C content increased or decreased by 125, 90 and 99 % for thermal-treated, freeze-dried and frozen-thawed samples, respectively. The fresh green and red pepper contained vitamin C as 134 and 155 mg/100 g sample, respectively and vitamin C of fresh pepper degraded during processing and cooking (Vanderslice et al. 1990 ). Blanching reduced the vitamin C content, but it limits further decay during storage at frozen condition (Lee and Kader 2000) . Most of the vitamin C stability during storage was performed at a specific temperature (i.e. usually around room temperature) with varied moisture content(s). Sablani et al. (2007) studied the stability of vitamin C in a commercial fortified formula food product at 23°C with the variation of moisture contents from 4.6 to 20.6 g/100 g sample, and modeled the C: Vitamin C concentration (mg/100 g sample) X w : Moisture content (g/100 g sample) Standard deviations of vitamin C analysis were varied from ±0.2 to ±0.8 mg/100 g sample data with zero and first order reaction kinetics. In these types of studies, it was difficult to observe the effect of temperature on vitamin C stability at different levels of moisture contents. There is negligible work available in the literature related to the stability of vitamins as a function of storage temperature as well as moisture content. The objectives of this study were to determined vitamin C losses in fresh and freeze-dried capsicum during storage as a function of moisture content and temperature. Usually freeze-drying retained maximum level of vitamins in foods (i.e. ideal condition), thus in this study samples were prepared by freeze drying.
Materials and methods

Materials
Fresh green capsicums (bell pepper) were purchased from local vegetable market in Muscat, Oman. The experiments were performed into 3 moisture levels: one as its original state (moisture: 94 g/100 g sample) and others two were at its dried state (moisture: 15 and 5 g/100 g sample).
Original moisture content of the raw capsicum used in this work was 94 g/100 g sample and fresh samples were used in order to keep its original structure. Most of the dried fruits and vegetables contain moisture 15 to 5 g/100 g sample, thus these two levels are used in this study. For fresh capsicum, four levels of temperature used (20°C, room temperature, i.e. normal storage; 5°C, i.e. chilled condition; −20°C, i.e. commercial storage, and −40°C, i.e. industrial bulk storage or below commercial storage). Higher temperatures did not use for the fresh one since its structure degraded within few hours. The temperatures used for dried states were −40, −20, 5, 20, 45, 60°C. However in order to reduce the experimental runs, higher temperature (20, 45 and 60°C) did not use for samples containing moisture 5 g/100 g sample, while lower temperature (−20 and −40°C) did not use for the samples containing moisture 15 g/100 g sample. Data points of storage were selected based on the degradation rate in different samples, since time frames of degradation in dried samples were much longer as compared to the fresh one. Thus different time intervals (7-10 points) and total duration (19-155 days) were selected based on the rate of decay during different storage temperatures. Whole Capsicums were washed with tap water and stored at 20, 5, −20 and −40°C for determining vitamin C stability. For freeze-drying, capsicums were cut into small pieces (i.e. 2 cm×2 cm) and placed into plastic containers (50 ml). The samples were kept in a freezer at −40°C for at least 24 h. The frozen capsicums at −40°C were freeze-dried at 20°C for 48 or 96 h using Edwards K4 Freeze Dryer (Corawky, Crawley, England). A vacuum of 200 Pa was used in the drying chamber while condensing plate temperature was at −65°C. Dried capsicums were ground into powder using a KMF hammer mill (KIKA Werke, Wilmington, USA) at 6,000 rpm. Powders of 50 g were kept in air tight plastic containers and stored at 45, 20, 5, −20 and −40°C, while air tight metal cell was used for storage at 60°C.
Moisture and vitamin C analysis
Moisture content was determined by drying a 2 g sample in a convection oven for at least 18 h at 105°C. Samples stored at different temperature were taken out at different time intervals and ascorbic acid contents were determined. Vitamin C content in capsicum sample was determined using a titration method with 2,6-dichloro-indophenol reagents (AOAC 1990) . Two gram of freeze-dried or 8 g of fresh sample was mixed with 100 ml of 0.1 N meta-phosphoric acid. Ten ml solution was titrated with 2,6-dichloro-indophenol. The end point of titration was determined from the change of color to pink. Ascorbic acid content was expressed as mg ascorbic acid/100 g sample of fresh or dried capsicum. Three replicates were performed for each analysis. 
Reaction kinetics
Degradation of vitamins is commonly modeled by zero and first order kinetics. The zero order kinetics can be expressed as:
where C o and C are the vitamin C concentration at the beginning of storage and at any time of storage (mg/100 g sample), t is the storage time (day), and k o is the zero order rate constant (day
). The first order reaction kinetics can be written as:
where k 1 is the first order rate constant (day
−1
). If experimental data is fitted with a linear equation with an intercept as:
Activation energy of the first order kinetics was estimated using Arrhenius equation:
where, k 1 is the rate constant (day
), R is the universal gas constant (8.314 J/g mol°C), E a is the activation energy (J/g mole), D is the pre-exponent factor, and T is the storage temperature (K), respectively. The activation energy was estimated from the slope of linear plot (ln k 1 versus 1/T).
Statistical analysis
Means of 3 replicates for each data point were calculated and presented. Significant differences between the vitamin C content in the capsicum with time were determined by ANOVA (two factors) using SAS glm procedure (SAS 2002) and p values are presented. The degradation kinetics were modeled by zero and first order using Excel. The r 2 statistic was determined for both models. Activation energy was estimated from the linearized Arrhenius equations using Excel.
Results and discussion
The moisture content of the fresh capsicum was 94 g/100 g fresh-capsicum. Table 1 shows the vitamin C contents as a function of storage time. Significant degradation of vitamin C was observed in all storage conditions (p <0.05) except fresh Figure 1 shows vitamin C loss of capsicum stored at 20°C. Initially a decreasing trend was observed with a minimum peak followed by an increase to a maximum peak after 13 days. The green color changed to yellow at its minimum peak and visual structural damage (i.e. softening) was observed. This may be due to the disruption of the cell membrane leading to the release of membrane bound phytochemicals (Lemmens et al. 2009 ). Some early investigators reported that ascorbic acid content increased in the immediate postharvest period and then gradually declined. For example, Carnelossi et al. (2009) reported an increase in vitamin C content in mangaba fruits after 2 days of storage at 24°C, followed by a sharp fall.
At 5°C storage, much slower decreasing trend was observed during storage and capsicum surface was dried and wrinkled without softening (Fig. 2) . However, an initial shift with very short time was observed and then followed a decreasing trend. Ascorbic acid was oxidized, thus a gradual decrease was observed during refrigerated storage (Howard et al. 1999) . Similar trend was also observed in the case of mushroom (Blasco et al. 2004 ). However, sample stored at −20 and −40°C showed an initial shoulder and then decreased (Fig. 2) . In the case of freeze-dried capsicum (X w : 15 g/100 g sample) stored at 5°C, an exponential decrease (i.e. a sharp decrease followed by an equilibrium) of the concentration was observed (Fig. 2) . Similar trends were also observed for the samples with moisture content 15 g/100 g sample stored at 20, 45 and 60°C. Similar decay kinetics was also reported in the literature. Vitamin C (40 mg/100 ml) in lemon juice decreased exponentially to zero within 7 days when stored at room temperature with nitrogen atmosphere (Gonzalez-Molina et al. 2012) . However in the cases of lemon juice mixed with elderberry or grape juice, vitamin C decrease reached to an equilibrium value of around 24 mg/100 ml within 7 days and remained nearly constant up to 57 days of storage. Thus the shape of the decreasing curve depended on the other factors and compositions. Freeze-dried samples containing moisture 5 g/100 g sample showed relatively linear decrease of C/C o when stored at 5, −20 and −40°C (Fig. 2) . Howard et al. (1999) reported that ascorbic acid concentration decreased during storage in the vegetables they examined (Broccoli, carrots, and green beans), but the rate and pattern of decline depended on the types of vegetables. For example, ascorbic acid concentration in fresh green beans was reduced rapidly, with more than 70 % disappearing after 1 week of storage. Similarly Wu et al. (1992) reported 58 % loss ascorbic acid in green beans after 3 days of storage. Howard et al. (1999) measured vitamin C degradation over long-term storage (e.g., initial versus 3 weeks storage or initial versus 1 year for frozen vegetables) and observed a zero order trend in most instances. However, fluctuations observed during initial days of refrigeration, thus zero or first order rates were not clear when complete storage period was considered. They Table 2 Zero order and first order reaction rate constants for the vitamin C degradation in capsicum during storage Fresh capsicum (X w : 94 g/100 g sample)
Freeze dried capsicum (X w : 15 g/100 g sample)
Freeze dried capsicum (X w : 5 g/100 g sample) : regression coefficient explained this by the variability due to the plant matrix and conditions pre and postharvest, as well as the initial ascorbic acid concentration. This makes it more difficult to develop a reliable generic model for ascorbic retention during storage of refrigerated or processed vegetables. In the literature however, most of the cases vitamin losses in foods were modeled by zero and/or first order reaction kinetics (Blasco et al. 2004; Burdurlu et al. 2006; Goula and Adamopoulos 2006; Torregrosa et al. 2006; Sablani et al. 2007; Hiatt et al. 2010) . Linear plots of the ln (C /C o ) against storage time are shown in the Figs. 3 and 4. Table 2 shows that at a specific moisture content, rate constant decreased with the decrease of storage temperature. At storage temperature 5°C, the first order rate constants were 7.1×10 Table 2 ). In general, it was observed that the rate constant decreased with the decrease in moisture content and storage temperature. However, drying rate constants for the samples containing moisture 5 g/100 g sample showed one order of magnitude lower as compared to the samples at moisture contents 94 and 15 g/100 g sample. Similarly, Hiatt et al. (2010) observed a drastic loss of vitamin C above critical moisture content. However, exact critical moisture content must be determined with more experiments at different moisture content. In the case of formulated commercial product stored at 23°C, the rate constants were 0.26 and 0.98 day −1 , for the samples containing moisture 4.5 and 16.2 g/100 g sample, respectively (Sablani et al. 2007) . These values are similar to the results obtained in this study for the samples containing moisture as 5 and 15 g/100 g sample and stored at 20°C (Table 2 ). In the case of raw guava at water activity 0.97 and stored at 40°C showed rate constant as 59.3×10 −2 day −1 . Hossain and Gottschalk (2009) studied the vitamin C stability in dried tomato and they observed rate constants as 2.3×10 , for the sample contained water content 18 g/100 g sample and stored at 5 and 20°C, respectively. These values are one order lower than those observed for capsicum with moisture 15 g/100 g sample (Table 2) . Phillips et al. (2010) , while in the case of ascorbic acid it was 4.3×10 −2 day −1 for water activity 0.98. These values are similar to the values observed in this study. In the case of blanching of fresh pumpkin leave at 60°C, the rate constant of vitamin C degradation was observed as 31.0 day −1 (Ariahu et al. 2011) . The activation energy of fresh (moisture: 94 g/100 g sample) and freeze-dried capsicum (moisture: 5 g/100 g sample) within the temperature 5 to −40°C were estimated as 273.0 and 0.84 J/g mole. Hiatt et al. (2010) also observed that both water activity and temperature impacted vitamin C degradation, while water activity (i.e. moisture) showed a more pronounced effect. Generally vitamin C stability decreased dramatically near or above critical water activity. Further studies need to be performed with wide variations of moisture content and temperature in order to observe a complete scenario of the combined effect of moisture and temperature. In addition, other physico-chemical parameters should also be included to explain the variations in different foods. In this study, only selected moisture content of capsicum and storage conditions were considered and further works are in progress to include wide spectrum of moisture contents and storage temperature.
Conclusion
The degradation kinetics of vitamin C in fresh and freeze-dried capsicum was measured and modeled by zero and first order reaction. In general, the first order rate constants were decreased with the decrease of moisture and storage temperature. For fresh capsicum (moisture: 94 g/100 g moisture) the rate constant varied from 9.9×10 −2 to 4.8×10 −2 day −1 when storage temperature raised from 20 to −40°C, respectively. In the case of freeze-dried capsicum (moisture: 5 g/100 g sample) the rate constant varied from 4.6×10 −3 to 3.9×10 −3 day −1 when storage temperature raised from 20 to −40°C, respectively. The activation energy of fresh and freeze-dried capsicum within the temperature 5 to −40°C were estimated as 273.0 and 0.84 J/g mole.
